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A survey of the tloristics and soils was conducted in a 143 hectare area within the 

Mitchell River National Park, Victoria, where rainforest patches occur amid sclerophyllous 
communities. These rainforest patches are amongst the most south-westerly expression of 
“tropical” elements in Australia. Computer sorting of the survey data delineated six major 
community types, ranging from undisturbed and disturbed rainforest to wet and dry 
sclerophyll communities. The topography of the site and disturbance regimes were the major 
factors delimiting these community types. Undisturbed rainforest patches were restricted to 
fire protected niches while the floristic composition and structure of sclerophyllous 
communities appeared to be determined by a combination of site insolation (moisture), fire 
susceptibility and previous land clearing activities. Although soil chemical properties varied 
across the site, edaphic factors were regarded as being of secondary importance to 
topography and disturbance in delimiting the plant communities. 

THE FLORA of Gippsland has long been recog¬ 
nized as an unusual melange of community 
types, varying from dry sclerophyll woodland 
through to outliers of warm temperate rain¬ 
forest. This mixture of vegetation types is 
thought to result from the mild climate, erratic 
rainfall and history of disturbance in this region 
(Patton 1930, Land Conservation Council 
1985). In one of the earliest floristic descript ions 
of East Gippsland, Patton (1930) was intrigued 
by the occurrence of “tropical” and warm tem¬ 
perate species of trees, lianes and even an iso¬ 
lated community of the palm Livistona australis, 
together with eucalypts such as Eucalyptus polv- 
anthemos at the eastern limit of their distribu¬ 
tion. The coexistence of these species led him to 
describe East Gippsland as “a meeting ground of 
two floras; tropical rain flora with a dry sclero- 
phyll flora.” 

At their southwestern-most limit in East 
Gippsland, warm temperate rainforests are 
found only in isolated pockets on a sheltered 
arm of Lake King, along the Mitchell River gorge 
and in one of the headwaters of the Freestone 
Creek at Mt Moornapa (Ashton & Frankenberg 
1976, Cameron 1984). The flora of these western 
pockets is somewhat depleted in comparison 
with the rainforests further east (Cameron 1984, 
Melick 1988), but they represent the most sou¬ 
therly extension of the east Australian warm 
temperate rainforest elements, with the excep¬ 

tion of Acmenasmithii which is present amongst 
cool temperate elements at Wilsons Promontory 
(Ashton & Frankenberg 1976). Moreover, the 
occurrence of Brachychiton populneus on the 
drier slopes at the Mitchell River is disjunct 
from its usual distribution in inland New South 
Wales and southern Queensland (Beadle 
1981). 

Many of the Gippsland rainforest communi¬ 
ties have been subjected to fire, allowing the 
penetration of sclerophyll species, sometimes as 
emergents. Fossil evidence suggests that these 
small patches of rainforest represent the last ves¬ 
tiges of what were much more extensive warm 
temperate rainforests throughout eastern Vic¬ 
toria in the mid-Tertiary (Duigan 1951, 1965). 
The extent of the warm temperate rainforests is 
thought to have been reduced by fluctuations in 
climate together with increased fire frequencies 
(Ashton Sc Frankenberg 1976, Walker & Singh 
1981). Contemporary rainforest distribution in 
Gippsland is likely to be regulated by moisture 
availability, disturbance and soil factors (Land 
Conservation Council 1985). 

Although broad scale floristic surveys of the 
Gippsland region have been carried out pre¬ 
viously (Gullan et al. 1981, Forbes et al. 1982), 
the present paper examines in detail the hetero¬ 

geneous vegetation within a section of the Mit¬ 
chell River National Park to determine the rela¬ 
tive importance of topography, climate, distur- 
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bance and edaphic factors in the occurrence of 
rainforest and adjacent sclerophyll communi¬ 
ties. 

THE STUDY AREA 

The survey covered an area of 143 hectares in 
the Mitchell River National Park (latitude 
37°42'S, longitude 147°22'E), Victoria, some 
220 km east of Melbourne (Fig. 1). The limits 
were determined by the boundaries of the 
former Glenaladale National Park, which was 
included within the new Mitchell River 
National Park in 1987. The area is noted for its 
rugged topography, including steep sandstone 
cliffs and limestone formations, and the pre¬ 
sence of isolated warm temperate rainforest 
patches in sheltered sites amid sclerophyll vege¬ 
tation. 

Climate. The climate of the area is generally 
mild and, although at the southern fringe of the 
highlands, is tempered by the proximity to the 
coast 30 km to the south. At Glenaladale North 
(5 km south) the annual rainfall is 730 mm with 
a uniform seasonal distribution. The coefficient 
of variation is relatively high (27.7%) and 
extremes have led to prolonged droughts, as in 
1965, 1972 and 1982 when the annual rainfalls 
were as low as 340 mm, or to severe floods, as in 
1952, 1971 and 1978 (Ashton & Frankenberg 
1976, and Bureau of Meteorology records) when 
annual rainfalls reached 1200 mm. 

The mean annual temperatures at Bairnsdale 
(25 km south-west) range from 8.7°C to 19.9°C. 
At Glenaladale the range is likely to be 

Fig. 1. Location of the Mitchell River National Park in 
Victoria. 

somewhat greater, and although frosts occur 
they are not severe. Winds are predominantly 
from NW to SE with a strong SE component de¬ 
rived from east coast cyclones or from summer 
sea breezes. In winter, NW winds descending 
from the highlands result in milder conditions 
than at other sites in southern Victoria (Linforth 
1969). The steep valleys and gorges in the park 
provide sheltered sites for vegetation in the 
area. 

Physiography and geology. The physiography is 
dominated by the gorge of the Mitchell River 
which, following uplift in late Tertiary times 
(Easton 1938), has incised its bed 140 m into a 
low featureless plateau 170-200 m above sea 
level. Its tributaries in this area, Woolshedand 
Bull Creeks, have cut narrow rocky gorges for 
some distance from the Mitchell River. Instabi¬ 
lity of the rock faces has produced large-scale 
slumping and talus slopes, which have modified 
the form of the valleys. The increased meanders 
of the Mitchell River, in part due to the land 
slumps, have resulted in great variation in ero¬ 
sion and deposition. Deep scour holes alternate 
with shallow boulder areas and, where the velo¬ 
city of the stream diminishes, point bars of sand 
have built up against major boulders. Geologi¬ 
cally the region is part of the Avon River 
sequence of Late Devonian red-brown sand¬ 
stones interbedded with soft shales and con¬ 
glomerates (Easton 1938). Calcareous bands 
have been exposed along both the Mitchell River 
and the upper reaches of Bull Creek, but are 
most graphically displayed in the formation of 
the “Den of Nargun” on Woolshed Creek. This 
large cavern is the product of differential ero¬ 
sion, where intermittent stream action has 
undercut a hard calcareous bar by eroding away 
the underlying soft shale. Calcium carbonate 
leached from the sandstone has accumulated as 
stalactites and stalagmites in the Den. 

Soils. Soils in the area are generally podzolic 
with sandy to sandy loam topsoils over yellow to 
reddish loam or clay loam subsoils, The depth of 
soils is highly variableand, being related to topo¬ 
graphy, is very shallow on upper slopes and 
plateau edges and relatively deep on lower 
slopes. On talus slopes soils are intermittently 
developed on small areas of calcareous rock 
bands and soils are brown loams to sandy loams, 
but in some places seepages occur on steep valley 
sides precipitating limestone shawls. On steeper 
slopes such lithological effects in soils are blur¬ 
red by soil creep. 

100 km 
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In the valley floors soils are highly variable 
depending upon the nature of the parent mate¬ 
rial. Composition of the river and creek beds 
ranges from fine alluvial silts and clays to sands 
or skeletal layers of rocks and rubble from land¬ 
slides; consequently some areas show a high con¬ 
tent of organic matter while others are almost 
pure sand. 

Land use and fire history. Aboriginal hunter- 
gathers lived in the region before Europeans 
colonized the area following the arrival of 
graziers in the 1840s (Land Conservation Coun¬ 
cil 1985). Accessible sclerophyll and grassy 
forest was cleared for improved pasture to sup¬ 
port sheep and cattle grazing. Much land on poor 
soils has been abandoned and allowed to revert 
to shrubland. particularly in times of economic 
hardship. 

As in most parts of Australia, the Glenaladale 
region has a long history' of fire. Numerous fires 
have occurred this century, and in the most 
recent catastrophic fire in February 1965 exten¬ 
sive areas of the park were burnt. The fire passed 
over Woolshed Creek as a crown fire leaving the 
gully relatively undamaged; thus the rainforest 
of this gully epitomises the classic fireshadow 
(seeFig. 5A). A. W. Howitt, who in 1876 was the 
first European to visit this region, also noted this 
effect, commenting on “the cool moist atmo¬ 
sphere in the gorges while the bushfires rage 
overhead" (Howitt 1904). However, there is 
some evidence of spot firing and damage to trees 
due to flaming debris and rocks rolling down 
into the gully from the burning slopes above 
(Frankenberg 1965, Waller 1965). 

The rainforest in Bull Creek was less fortunate 
as a south-westerly change blew the fire directly 
up the lower section of the creek, burning the 
vegetation in the gully and severely damaging it. 
The rainforest higher up the creek, however, was 
protected due to the changed direction of the 
valley and remained untouched (Waller 1965). 

METHODS 

Recording of vegetation. Vegetation was assessed 
in 1985 on the Braun Blanquet cover scale in 8 x 
4 m quadrats, a size shown by minimal area 
quadrats to contain more than 85% of the spe¬ 
cies within a distinct community type. A total of 
260 quadrats were surveyed as closely as prac¬ 
ticable on a 75 m grid pattern, with some con¬ 
centration on sites showing obvious topographic 
or floristic differences. 

Where possible, all plant species were identi¬ 

fied and recorded on site. Material that required 
further examination wras collected and identi¬ 
fied at Melbourne University and the National 
Herbarium of Victoria. Unless stated otherwise, 
nomenclature for vascular plant species follows 
Forbes & Ross (1988), for bryophytes Scott et al. 
(1976). and for lichens Filsen & Rodgers (1979). 
Nomenclature for vegetation in the study area is 
difficult due to the unusual plant associations, 
and so descriptive names have been used; e.g. 
damp sclerophyll (sensu Gullan ct al. 1981). 
Where possible the structural classifications 
follow Specht (1970), but the term rainforest is 
employed in preference to closed forest due to 
the distinctly different species compositions of 
these communities. 

Vegetation analysis. The floristic data (presence- 
absence) w'ere assessed using both classificatory 
and ordination programs in the CSIRO TAXON 
library^ (Ross et al. 1983). The program 
MACINF (an update of MULTBET; Lance & 
Williams 1967) provided an hierarchical, poly- 
thetic-agglomerative classification. MACINF 
measures the dissimilarity of individual quad¬ 
rats by the Shannon-type information stat¬ 
istic, and the fusion of these individuals into 
groups is based on a centroid sorting strategy. 
The diagnostic program GCOM (an update of 
GROUPER; Lance et al. 1968) was also used to 
identify the contribution of each species to the 
groupings at each level of the hierarchy. Initially  
a twenty group level was arbitrarily selected but 
the dendrogram wras subjectively terminated at 
the six group level as further subdivisions were 
considered to be either minor variants or not 
meaningful. To complement the classification, 
the group centroids of the dissimilarity matrices 
produced by MACINF w'ere ordinated by prin¬ 
cipal coordinate analysis (Gower 1966) using the 
program PCOA. To display the ordination of 
group centroids the three dimensional pattern 
was showm by using the minimum spanning 
ordination (MSO) technique of Gillison (1978). 
This technique displays the pattern of group cen¬ 
troids along the third axis in terms of a series of 
circles of graded size, with the largest and small¬ 
est circles representing the two groups which are 
farthest apart on the axis. 

Insolation and moisture. The potential insola¬ 
tion at each site was determined from slope and 
aspect data obtained at each quadrat using the 
relationship given by Clifford (1951) for latitude 
38°S. These values were corrected for any shad¬ 
ing affecting the insolation due to the surround- 
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ing topography; the degrees of shading were 
determined using a contour map constructed 
from stereoscopic photographs. 

At the end of the drought of 1983, the dawn 
water potentials of plant samples collected from 
various heights on the slope of the Woolshed 
Creek gully were measured in the field. Samples 
were stored in airtight plastic bags and water 
potentials were measured on a pressure bomb 
within 30 minutes of collection. During this 
drought the average visible crown damage to 
major species was visually estimated for the 
major species in the Woolshed Creek area. 
Fifteen individuals of each species were re¬ 
corded and the average results tabulated. 

Soil sampling and analysis. Surface soil samples 
(from 0-0.1 m deep) were collected at each 
quadrat site. Soil pH was measured on air-dried 
soil (< 10 mm) by glass electrode in a soil-water 
slurry having a weight : volume ratio of 1 : 5. 
Particle size analysis was performed by the 
pipette and sieve method (Coventry & Fett 
1979). Soil textures were categorized according 
to Leeper (1964) and soil colours were deter¬ 
mined using a Munsell soil colour chart. 

Prior to chemical analyses, samples were air- 
dried and sifted (<2 mm). Acid soluble and 
“adsorbed" phosphorus was extracted from 
soils by shaking samples in 0.1 ArHCl and 0.03 N 
NH4F for 40 seconds, as described for the Bray 
and Kurtz No. 2 phosphorus extraction (Jackson 
1958). Phosphorus levels were then measured 
colorimetrically on a Technicon auto analyser. 
Exchangeable calcium was determined on air- 
dried soil (<2 mm) by ammonium saturation 
using 1 mol/L ammonium acetate at pH 7.0. Cal¬ 
cium levels within each leachate were analysed 
by atomic absorption spectrophotometry. 
Because the analysis of calcium by this method 
is subject to interference by anions, lanthanum 
(3000 ppm La in 0.8 ArH2S04) was added to each 
digest, to give a concentration of at least 1500 
ppm La within each sample; this suppressed any 
interference by anions in the analysis. 

RESULTS AND DISCUSSION 

Environmental parameters 

Insolation. The potential insolation over the 
area shows a wide range from 250-775 
kJ/cm2/yr on the north and south facing slopes 
respectively of Woolshed Creek. There is only 
minor variation on the plateau areas, from about 
630-700 kJ/cm2/yr. These data suggest that 
moisture relations will  be profoundly affected in 
sites where topography is complex. 

Moisture. There was a progressive decrease in 
the relative water potentials of plants with 
increasing distance up the side of the gully at 

Woolshed Creek (Table 1), indicating the pres¬ 
ence of a soil moisture gradient. Of the tree spe¬ 
cies present at Woolshed Creek, the greatest 
drought damage to foliage was observed in 
Rapanea howittiana and Tristaniopsis laurim 
(Table 2). 

Soil. The results of the soil survey indicate that 
most of the area is covered with a top soil of 
sandy loam texture. Significant areas adjacent to 
Woolshed and Bull Creeks support sandy loams, 
and probably reflect the presence of shaly parent 
material. Some of the smaller areas of sands 
along parts of the stream courses appear to be 
related to depositional features. 

The pH of surface soils shows considerable 
variat ion from acid (pH 4.2) to near neutral (pH 
7.1) (Table 3). A large proportion of the area has 
soils with pH values from 5.0 to 5.9 but there are 
small areas, particularly in the upstream section 
of Woolshed Creek, where the pH is low (4.2- 
4.9). Neutral to slightly acid soils almost cer¬ 
tainly reflect the proximity of calcareous beds, 
either in situ or upslope, and this is illustrated by 

Dawn water potential (MPa) 
Gully Mid Top of 

Species floor slope slope 

Acmena smithii -1.13 -1.95 -222 
Pellaea falcata -0.38 -0.52 -6.58 
Pittosporum undulatum — -1.76 -2.32 

Table 1. Dawn water potentials of plants in the field on 
the northern aspect of 1 the Woolshed Creek gully in 
February 1983. 

Species 
% of foliage showing 

drought damage 

Acacia mearnsii 12.5 
Acmena smithii 17.0 
Acronynichia oblongifolia 9.5 

Kunzea ericoides 6.0 

Pittosporum undulatum 9.5 

Rapanea howittiana 35.5 

Tristaniopsis laurina 29.5 

Table 2. Estimated average drought damage to the 
crowns of mature trees in the Woolshed Creek gully in 
February 1983. Each value represents the average of 

ten observations. 
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Environmental Community type 
factor A1 A2 B1 B2 Cl C2 

Edaphic factors: 
pH 6.03 

(4.8-6.7) 
5.87 

(4.2-7.4) 
5.98 

(4.8-6.3) 
5.31 

(4.3-6.4) 
5.83 

(4.8-7.1) 
5.41 

(4.7-6.8) 

Acid extractable 
phosphorus (ppm) 

49.4 
(9.1-169.2) 

32.8 
(4.5-88.7) 

31.5 
(12.1-83.3) 

46.3 
(14.3-71.3) 

21.5 
(6.2-47.2) 

24.0 
(7.1-70.1) 

Exchangeable 
calcium (ppm) 

1180 
(408-2101) 

865 
(322-1230) 

1008 
(475-1240) 

587 
(296-1138) 

712 
(420-1210) 

602 
(312-870) 

Site insolation 
(kJ/cm2/yr) 

359.0 
(250-660) 

594.6 
(388-750) 

572.8 
(390-670) 

556.1 
(410-685) 

666.5 
(452-760) 

685.3 
(510-775) 

Table 3. Average values of environmental factors for community types. Figures in parentheses represent the 
range of values. 

Environmental Community types Total No. 
factors A1 

(27 sites) 
A2 

(30 sites) 
B1 

(28 sites) 
B2 

(29 sites) 
Cl 

(61 sites) 
C2 

(85 sites) 
sites for 

each factor 

Soil pH p < 0.05* p < 0.9 p < 0.05* p < 0.5 p < 0.05* p < 0.01* 
(4.0-4.9) 1.00 1.16 0.20 1.60 0.27 1.37 47 
(5.0-5.9) 0.63 0.94 0.93 0.88 1.11 1.16 152 
(6.0-7.0) 2.00 1.00 1.71 0.86 1.26 0.30 61 

Soil texture p < 0.05* p < 0.01* p < 0.9 p < 0.7 p < 0.05* p < 0.5 
(sand-loamy sand) 2.00 2.33 1.0 0.80 0.45 0.68 48 
(sandy loam) 0.77 0.66 0.94 0.94 1.26 1.11 167 
(s.clay loam-silty 
clay) 

0.80 0.66 1.2 1.40 0.73 0.93 45 

Acid extractable 
phosphorus 

p < 0.01* p < 0.2 p < 0.1 p < 0.001* p < 0.001* p < 0.1 

(0—25 ppm) 0.60 0.75 0.73 0.56 1.47 1.13 141 
(25—50 ppm) 0.86 1.25 1.38 0.88 0.69 1.13 71 
(> 50 ppm) 2.40 1.16 1.80 2.60 0.00 0.50 48 

Exchangeable 
calcium 

p < 0.05* p < 0.2 p < 0.01* p < 0.8 p < 0.7 p < 0.001* 

(0-499 ppm) 0.20 0.50 0.20 0.80 1.00 1.73 46 
(500-1000 ppm) 0.94 1.05 0.89 1.11 0.92 1.09 163 
(> 1000 ppm) 2.00 1.60 2.20 0.83 1.25 0.00 48 

Site insolation p < 0.001* p < 0.2 p < 0.01* p < 0.5 p < 0.01* p < 0.01* 
« 550 kJ/yr) 4.00 1.17 1.60 1.40 0.09 0.33 48 
(550-650 kJ/yr) 0.36 1.33 1.50 0.83 1.15 0.89 109 
(> 650 kJ/yr) 0.27 0.58 0.18 0.91 1.25 1.41 103 

p — probability that the deviation is due to chance 
^denotes statistically significant deviation from expected values at or above the 95% level. 

Table 4. Chi-square analysis of environmental factors within each vegetation group and the ratios of observed 
value/expected value for the selected ranges of each factor. 
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the correlation of relatively alkaline soils with 
significantly higher exchangeable calcium levels 
(Table 4). Such soils are found along the lower 
section ofWoolshed Creek, the northern plateau 
and seepage areas above the Mitchell River. 

The values of acid (Bray-Kurtz) extractable 
phosphorus are likely to reflect not only the par¬ 
ent material and weathering processes, but also 
the degree and quality of litter cycling (Attiwill  &  
Leeper 1987). The acid extractable phosphorus 
contents of the majority of soils in the area lay 
between 10 and 60 ppm. these being average 
levels for Australian soils (Beadle 1954, 1962). 
However, large areas of soils with low phospho¬ 
rus levels (<20 ppm) occur on the plateaux 
under dry sclerophyll forest in the southern and 
northern parts of the park. Isolated pockets of 
soils with higher levels of phosphorus (60-170 
ppm) occur along Woolshed and Bull Creeks. 
High phosphorus levels do not appear to have 
any consistent correlation with other soil prop¬ 
erties (Table 4) but are probably due to increased 
nutrient cycling from the rainforest and from 
wet vegetation, as well as to the movement of 
soil and debris down the slopes of the gullies. 
However, the sand deposits in the creek beds 
under rainforest are very nutrient-poor, with 
available phosphorus levels of less than 10 ppm. 
Although sandy soils under the rainforest are 
very low in extractable phosphorus, the rate of 
release of nutrients from litter fall may be more 
significant than a static value at any one time. 

Description of vegetation 

From the numerical analyses of floristic data 
three supergroups, each representing commu¬ 
nity types, were delineated: A (rainforest com¬ 
munities), B (damp sclerophyll communities), 
and C (dry sclerophyll communities). Each of 
the three supergroups include two subordinate 
groups: Al, A2; Bl, B2; and Cl, C2. These 
subordinate groups represent the six community 
types recognized in this study. 

* The dendrogram illustrating the hierarchical 
relationship, and the ordination plot showing 
the relative similarity of the six community 
groups, are shown in Figs 2 and 3 respectively. 
The six major community types recognized are 
described below and their locations within the 
study site are mapped in Fig. 4. The frequencies 
of species within each of these community types 

are listed in Appendix 1. 

Supergroup A. Rainforest communities 

These communities were clearly delineated fior- 
istically in the classification and ordination by 

t t ? f | ! 
<3 (3 c5 o o 6 

Fig. 2. Dendrogram showing the hierarchical classifi¬ 
cation (MACINF) of 260 quadrats above the 6 group 
level of the community types. 

57 quadrats. Supergroup A was divided into two 
groups, one being typical closed forest along 
Woolshed Creek and upper Bull Creek (group 
Al), the other being more open and disturbed as 
a result of the 1965 fire along the lower reaches 
of Bull Creek and the banks of the Mitchell River 
(group A2). 

Undisturbed rainforest (group Al, 27 quadrats). 
A closed canopy (>85% cover) up to 35 m tall 
and composed of Acmena smithii, Pittosporum 
undulatum, Acronychia oblongifolia and Tris¬ 
tan i  apsis lamina dominates this community. 
Thin wiry and slender woody lianes (sensu Webb 
1978). such as Morinda jasminoides, Smi/ax 
australis, Eustrepbus latifolius, Marsdenia ros- 
trata and Pandorea pandorana are abundant. A 
sparse understorcy (average 6% cover) of the 
shrubs Olear ia argophylla, O. Ii  rat a, Hymenan- 
thera dentata and Coprosma quadrifida is pre¬ 
sent. The rainforest supports a wide variety of 
ferns, including Pellaea falcata, Adiantum 
aethiopicum, Asplenium JlabeUifoUum, Doodia 
aspera, Polystichum proliferum, P. Jbrmosum, 
Microsorium diversifolium and the tree ferns 
Dicksonia antarctica and Cyathea australis. The 
mosses Breutelia qffinis and Thuidium laevius- 
culum are also very prominent in the ground 
stratum, while Weymouthia cochlearifolia is a 



ECOLOGY OF RAINFOREST AND SCLEROPHYLLOUS COMMUNITIES 77 

Fig. 3. PCOA ordination plot illustrating the relationship between the 20 group centroids initially  delineated by 
the MACINF program from which the 6 major community groups were selected. 

very common epiphyte. This unburnt forest best 
conforms to closed forest in respect to Specht 
(1970) and microphyll fern forest according to 
Webb’s (1968) general physiognomic-structural 
rainforest classification. The species compo¬ 
sition is similar to, though somewhat more at¬ 
tenuated than, the warm temperate rainforest 
described by Forbes et al. (1982) in East Gipps- 
land. 

Disturbed rainforest (group A2, 30 quadrats). 
Burnt forest is more open and contains fewer 
lianes and less variety of ferns than the undis¬ 
turbed rainforest, supporting instead a denser 
sclerophyllous understorey and a greater num¬ 
ber of herbs and graminoids. Tristaniopsis lau- 
rina and to a lesser extent Acmena smithii form a 
canopy with an average cover of 40%; i.e. at the 
present time this community is an open forest 
but it seems likely to regenerate a rainforest 
canopy. The understorey (approximately 40% 
cover) consists mainly of Pomaderris aspera and 
Baeckea virgata in conjunction with Kunzea eri- 

coides. In the ground stratum Dichondra repens, 
Geranium solanderi, Hydrocotyle hirta and 
Oxalis corniculata together with the grasses 
Microlaena stipoides and Oplismenus aemulus 
are prevalent. Although the variety of ferns 
found in the undisturbed rainforest is lacking, 
Pellaea falcata, Adiantum aethiopicum and 
Asplenium JJabellifolium are abundant. The 
vines within this community are poorly deve¬ 
loped and generally may be classified as thin 
wiry lianes (sensu Webb 1978). This community 
may be regarded as a simplified version of 
Webb’s (1968) microphyll fern forest. 

Supergroup B. Damp sclerophyll communities 

These communities have suffered variable 
degrees of fire disturbance and the overstoreys 
are dominated by eucalypts. The ordination 
clearly delineates these groups and suggests an 
important habitat control associated with the 
presence of ferns and typical wet sclerophyll spe¬ 
cies. Floristically these communities are quite 
bizarre, having dry and wet sclerophyll together 
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with occasional rainforest species, and thus 
catergorisation is difficult. In terms of the com¬ 
munities described in central Gippsland by 
Gullan et al. (1981), these groups are probably 
best regarded as damp sclerophyll communities, 
although rainforest species are not characteristic 
for these vegetation types. 

Damp sclerophyll woodland (group Bl, 28 
quadrats). In this unusual community a sparse 
canopy (20% cover) of Eucalyptus globulus ssp. 
bicostata, E. polyanthemos and E. melliodora, 
up to 30 m tall, is present over a dense under¬ 
storey (75% cover) of Acacia mearnsii and 
Pomaderris aspera scrub from 8-18 m high. 
Dense lianes of Pandorea pandorana and Cle¬ 
matis glycinoides are found throughout the 
understorey. A well developed ground stratum 
contains shade tolerant herbs such as Micro- 
laena stipoides, Dichondra repens, Goodenia 
ovata, Oxalis corniculata and Hydrocotyle hirta. 
The sedge Lepidosperma laterale and the fern 
Pellaea falcata are abundant. This community 
occurs on the relatively cool south-easterly slope 
above the Mitchell River, and the presence of 
burnt stumps in some places and occasional cop¬ 
pice of regenerating Acmenasmithii suggest that 
this site once supported a form of wet sclerophyll 
forest with areas of hillside rainforest. 

Layered tall open forest (group B2, 29 quadrats). 
This heterogeneous community occurs mainly 
along the southern aspects of the upper 
Woolshed Creek, with pockets on other rela¬ 
tively sheltered eastern aspects. Eucalyptus glo- 
boidea, E. polyanthemos and E. cypellocarpa 
growing to over 30 m high are present as an open 
overstorey (average crown cover of 37%) over a 
reasonably thick scrub (54% cover) of Kunzea 
ericoides, Acacia mearnsii and Baeckea virgata 
scrub (in riparian areas) from 6-12 m high. Some 
rainforest elements occur, a few individuals of 
Tristaniopsis laurina, Pittosporum undulatum 
and Rapanea howittiana being present in 
quadrats near the rainforest boundary. The 
ground stratum is diverse, including mosses and 
ferns, of which Adiantum aethiopicum and 
Cheilanthes tenuifolia are the most abundant. 
The shade tolerant herbs Microlaena stipoides, 
Hydrocotyle hirta, Dichondra repens, Veronica 
plebeia and Goodenia ovata are also present in 
the field layer, together with ubiquitous Lepido¬ 
sperma laterale. 

Supergroup C. Dry sclerophyll communities 

These communities are classified by their floris- 

tic association and show a variable range of 
structures. These complex mosaics are domi 
nated by Eucalyptus globoidea with variable 
mixtures of E. polyanthemos, E. melliodora mi 
Brachychiton populneus. The understoreys are 
commonly dominated by Acacia mearnsii and 
Kunzea ericoides, while a variety of sedges 
grasses, herbs and ferns may be present in the 
ground stratum. 

The floristic groupings of the computer clas¬ 
sification show a continuum ranging from open 
forest with predominantly grassy understoreys 
of Stypandra glauca and Lepidosperma laterale 
(group Cl) to woodlands with very dense 
scrubby understoreys of Acacia mearnsii and 
Kunzea ericoides (group C2). 

Sclerophyll open forest (group Cl, 61 quadrats). 
An open forest of Eucalyptus globoidea, and to a 
lesser extent E. polyanthemos, is found in the 
north-west of the park on the cooler southern 
and eastern aspects, and in a small patch on the 
northern aspect of the ridge below Woolshed 
Creek. The average crown cover of the eucalypt 
overstorey is 60% and the mean height is about 
26 m. The sparse ground stratum (33% cover)is 
dominated by the lily  Stypandra glauca, together 
with the sedges Gahnia radula and Lepido¬ 
sperma laterale\ The presence of G. radula, 
which is an indicator of seasonal waterlogging 
(Clifford 1952), in the north-west ofthesitesug¬ 
gests this area is poorly drained; such a moist 
habitat would explain the common occurrence 
of the fern Adiantum aethiopicum in the ground 
flora in these areas. On the hotter ridge sites the 
dwarf sclerophvllous shrubs Phyllanthits hirtel- 
lus, Pomax umbellala and Leucopogon ericoides 
become prominent in the field layer. Although 
Kunzea ericoides is present in the understorey it 
is only patchy, having an average cover value of 
27%. 

Sclerophyll woodlands and scrub (group Cl 85 
quadrats). This community, which occurs on 
gently sloping terrain from the vicinity of ihe 
creeks to the broad ridges, shows great structural 
variation, with patches of woodland (64,5% 
plots) with scrubby understorey amid dense 
scrubland (35.5% plots). Woodland up to 25 m 
in height is composed predominantly of 
Eucalyptus globoidea with E. polyanthemos 
occurring occasionally. However, the commu¬ 
nity is overwhelmingly dominated by dense 
stands (78% cover) of Kunzea ericoides ^Aca¬ 
cia mearnsii 4-15 m tall. The great dominance 
of the scrub has generally depleted the ground 
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layer, but shade tolerant herbs such as Wahlen- 
bergia quadrifida, Op Us menus a emu I us and 
Microlaena stipoides together with the fern Chei- 
lanthes tenuifolia are sometimes present, and 
Lepidosperma laterale is represented in the 
gaps. 

Factors affecting vegetation patterns 

Topography and fire. The ordination of the 
group centroids by the PCOA program separates 
the community types along the three vectors 
(Fig. 3). The first vector carries 71% of the infor¬ 
mation, the second 20%, and the third 9%. Of 
these vectors only the first two are ecologically 
interpretable. Vector I, which is positively 
correlated with rainforest species (i.e. Acmena 
smithii, Acronychia oblongifoUa) and negatively 
correlated with dry sclerophyll species (i.e. 
Phyllanthus hirtellus, Pomax umbel lata), 
appears to reflect the relative exposure and 
moisture of each community (topographic 
effects). The position of the groups along vector I 
shows a continuum, with a transition from the 
dry sclerophyll communities (groups C2, Cl) 
through to damp sclerophyll (groups B2. Bl) to 
the undisturbed rainforest (group A1). This eco¬ 
logical interpretation of the ordination plot is 

supported by the insolation data which show a 
progressive increase in site insolation for the 
community types listed above (Tables 3, 4). The 
position of groups along vector II is chiefly 
determined by a positive correlation for Pomad- 
erris aspera and this effectively separates the 
damp fire-disturbed Bl community. 

The relationship between the plant communi¬ 
ties and topography also appears to be related to 
the fire susceptibility of the sites. Hotter and 
drier sites on the ridge tops and plateaux are 
generally more fire prone than those in the shel¬ 
tered gorges and gullies, and this is reflected in 
the distribution of community types in the study 
area (Fig. 4). The fire protection afforded by the 
steep gorge walls and surrounding vegetation 
has created a humid microclimate that allows 
the survival of warm temperate rainforest (Fig. 
5A, B). Damp sclerophyll scrub grows on the 
margins of the rainforest and on the cooler eas¬ 
tern-facing slope above the Mitchell River, but 
with increasing exposure on the upper slopes 
and ridges there is a sharp change to the drier 
sclerophyll forests and scrubs. The fire suscepti¬ 
bility  implied by the topographic and insolation 
data is supported by direct observation of char¬ 
coal and fire damage in many of the sclerophyll 
communities. 

W\\\m Cliffline  

Community groups: 

| At; Undisturbed rainforest. 

A2: Disturbed rainforest. 

**V. Bl: Damp sclerophyll woodland. 

jHH B-- Layered tall open forest. 

X\ C,: Sclerophyll open forest. 

 C2: Sclerophyll woodlands 

Fig. 4. Distribution of community types within the surveyed area bounded by the previous limits of Glenaladale 
National Park. Communities are delineated on the basis of the 260 quadrats surveyed in the area. 
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Fig. 5. A, the Woolshed Creek gully following the 1965 bushfire, illustrating the fireshadow effect protecting the 
rainforest community. B, warm temperate rainforest in the Woolshed Creek Gully. C. thickKitnzeae£!cmesm 
Acacia mearnsii scrub in an area previously cleared and burnt. D, sclerophyll open forest of Eucalyptus globoifa 
over a graminoid-rich field layer. 
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The restriction of the rainforest to fire-shel¬ 
tered sites is obvious at present, but observa¬ 
tions at the study sites suggest that in the absence 
of fire the rainforest may spread from the shel¬ 
tered gorges. The presence of the simplified rain¬ 
forest communities (A2) in more exposed sites 
may indicate that the rainforest has the ability to 
expand to these areas. Similarly, the occurrence 
of rainforest seedlings in the damp sclerophyll 
vegetation suggests that these communities are 
being invaded by the rainforest. 

Fire and clearing disturbances also appear to 
be important factors in determining the floristic 
patterns of the sclerophyll communities (Fig. 4). 
Fire has allowed the establishment of Pomader- 
risaspera, a serai species in the succession after 
fire (Cunningham & Cremer 1965), in the damp 
sclerophyll woodland (group Bl). Furthermore, 
it is suggested that the occurrence of the dry scle¬ 
rophyll scrub communities (group C2) on the 
flatter terrain in the south and on the broad cen¬ 
tral spur between Woolshed and Bull Creeks is, 
in part, the result of historical disturbance. 
These areas which were cleared, grazed and 
burnt (as evidenced by the presence of ring- 
barked trees, stumps and charcoal) have under¬ 
gone prolonged secondary' succession both 
before and after the 1965 bushfire. Clearing 
appears to have allowed the invasion of Kunzea 
ericoides. Moreover, the severe fire of 1965 has 
seemingly enabled the establishment of thick 
Acacia mearnsii scrub and enhanced the regen¬ 
eration of A: ericoides (Fig. 5C). Similar behav¬ 
iour of K. ericoides has been noted in New 
Zealand where this shrub is regarded as a serai 
species following fire and soil disturbance in 
closed forests and agricultural land (Pavton et al. 
1984, Mark et al. 1989. Partridge 1989). 

In the open sclerophyll forest (group Cl), 
where disturbance has been less severe, the 
ground stratum is generally dominated by gram- 
inoids. and gap phase shrubs are relatively rare 
(Fig. 5D). Similarly, on the lower slopes of the 
sclerophyll woodland communities where 
eucalypts have survived the fire and regener¬ 
ated, thick Acacia mearnsii and Kunzea eri¬ 
coides scrub is limited to small patches occurring 
in gaps formed by the collapse of larger trees. 
Acacia mearnsii in particular is commencing to 
senesce in the normal course of secondary suc¬ 
cession following the 1965 fire; however, dying 
shrubs are creating gaps which are being colon¬ 
ized by seedlings of AT. ericoides without the 
intervention of fire. Similarly, K. ericoides has 
established in gaps within the rainforest commu¬ 
nity created by endogenous disturbances. 

Throughout the study site Kunzea ericoides 
appears to act as a persistent and aggressive 
colonizing species, consistent with observations 
by Judd (1990) in open forests in central Vic¬ 
toria and southern Gippsland. 

Water availability. Site moisture plays an impor¬ 
tant role in the distribution of vegetation at the 
study site. The climate of the Mitchell River area 
is relatively dry with regard to the rainforest 
communities, the average annual rainfall 
(730 mm) being significantly less than the mean 
annual rainfall of 1004 mm for what Webb et al. 
(1984) have determined to be the average cli¬ 
matic region for microphyll vine-fern rainforest 
types. Moreover, rainfall at the Mitchell River 
site falls below the 750 mm annual rainfall limit  
which has been suggested as the lower threshold 
for the maintenance of rainforests in temperate 
zones (Beadle 1981, Webb & Tracey 1981). Cer¬ 
tainly, the moisture gradient indicated by the 
relative water potentials of species across the 
Woolshed Creek gully seems to limit  the exten¬ 
sion of rainforest up the side of the gully, as even 
on the unburnt slopes the rainforest is restricted 
to the lower half of the gully. Observations in 
this area indicated that Acmena smithii plants 
higher on the slopes were killed during severe 
droughts in 1972 (D. FI. Ashton pers. comm.). 
Moisture availability, rather than shelter, also 
seems to limit the distribution of Tristaniopsis 
lamina, which appears to be drought intolerant, 
as this species is present in riparian situations, 
both in the sheltered gullies in the unburnt rain¬ 
forest (group Al)  and as a dominant species in 
the relatively exposed sites on the river where 
the rainforest has been disturbed bv fire (group 
A2). 

Similarly, moisture is an important factor for 
the presence of damp sclerophyll scrub and rain¬ 
forest elements on the easterly slope above the 
Mitchell River. The concave profile of this slope 
implies that land slumping has occurred (Easton 
1938), a phenomenon often associated with fea¬ 
tures of subterranean drainage (Strahler 1973). 
The possibility of drainage at this site would 
enhance the establishment of moist communi¬ 
ties. This is supported by field observations 
which revealed a tendency for the base of this 
slope to be moist, even during summer, while 
elsewhere at the study site wet sclerophyll spe¬ 
cies were wilting. In contrast, the dry sclerophyll 
communities dominate the dry plateaux and 
ridge tops, where insolation is greater and water 
tables are likely to be much lower. 
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Edaphic factors. There is some correlation 
between the topsoils and the vegetation pat¬ 
terns, but it seems that the former are of secon¬ 
dary importance to topographic features. 
Although the undisturbed rainforest community 
(Al)  occurs most commonly on less acidic soils 
(Table 2), this is probably a reflection of the fact 
that the protected gullies, to which the rainforest 
is restricted, are eroded through limestone 
bands. It seems unlikely, therefore, that soil fac¬ 
tors per se are limiting the rainforest distribu¬ 
tion, a view supported by the fact that the dis¬ 
turbed rainforest (A2), which occurs outside the 
deeply eroded gullies, is present on soils with a 
wide range of pH (Tables 3, 4). Similarly, the 
relatively high pH and exchangeable calcium 
levels of soils associated with the damp scle- 
rophyll scrub (group Bl) may be attributed to 
the apparent leaching of limestone on the eas¬ 
tern hillside, or to the fact that Pomaderris 
aspera, which is dominant in this community, is 
known to return high amounts of calcium to the 
soil (Ashton 1981). The varied surface soil 
characteristics within the dry sclerophyll com¬ 
munities further demonstrate the primary role 
of topography rather than edaphic factors in 
determining vegetation types at this site. 
Eucalypt open forest (group Cl) showed a statis¬ 
tically significant correlation with less acidic 
soils (Table 4), due to a large tract of this com¬ 
munity growing on relatively high pH soils in the 
northwestern corner of the study area, but this 
community type extended across to the adjacent 
more acidic soils on the central plateaux, with no 
discernible affect on the vegetation. The soils on 
the ridges and flats dominated by the scrubby 
eucalypt woodlands (group C2), however, were 
generally more acidic. 

The general trend of higher phosphorus levels 
in soils associated with damp sclerophyll and 
rainforest communities than with dry scle¬ 
rophyll communities was not unexpected. 
Again, however, the extractable phosphorus 
content may be a reflection of the type of vege¬ 
tation cover rather than a factor limiting its dis¬ 
tribution, since nutrient turnover is much more 
rapid in moist forests than in dry ones (Attiwill  
& Leeper 1987). Although the average extract- 
able phosphorus levels of soils associated with 
the rainforest and damp sclerophyll communi¬ 
ties were relatively high, it should be noted that 
the range of values was also high (Table 3), with 
isolated pockets of fertile soil amongst low phos¬ 
phorus soils indicating localized enrichment. 
Such enrichment may result from landslips, 
flood accumulation of colloidal material, and 

lyrebird activity to which these sites are suscep¬ 
tible. The heterogeneity of the moist forest soils 
within the study site is highlighted by the fact 
that, amid the generally high fertility  rainforest 
soils, the floors of the gullies supporting riparian 
rainforest communities are composed of imma¬ 
ture soils and nutrient-poor sands deposited 
during floods (Table 3). The predominance of 
Tristaniopsis lamina in the creek beds suggests 
that this may be the rainforest species that is best 
adapted to this environment, in which the 
intrinsic nutrient status of the sands is poor 
although the flux of nutrients through the 
system, following flooding, may be great (Melick 
1990). 

SUMMARY 

The study area is topographically delineated by 
lithology and by gorges cut by streams. The rela¬ 
tively moist conditions and the shelter provided 
from wind and fire has permitted the survival of 
warm temperate rainforest in the gullies. Fire 
disturbance seems to have played a major role in 
the floristics of present communities by simpli¬ 
fying the burnt rainforest (A2) and allowing the 
establishment of damp sclerophyll communities 
(B1, B2). Fire also appears to have induced a 
massive germination of Acacia mearnsii seed 
and regeneration of Kunzea ericoides from seed 
and lignotuber. Woodland and scrub areas may 
be due in some places to shallow rocky soils and 
hot dry aspects but they also seem to reflect a 
past history' of forest clearing. The combination 
of the above factors together with the mild cli¬ 
mate and erratic rainfall of this region has led to 
many unusual plant associations and to hetero¬ 
geneity within communities, making their clas¬ 
sification difficult. This difficulty has been 
reflected in the surveys of Gippsland vegetation 
(Gullan et al. 1981, Forbes et al. 1982) in which 
descriptions of community types take the form 
of “common names”, and which are not 
intended to form the basis for a formal nomen¬ 
clature. Some of the community types deli¬ 
neated in the present paper are comparable lo 
subcommunities identified in these earlier 
surveys but, owing to the broad scale of those 
surveys, such comparisons are not very spe¬ 
cific. 

The high pH levels and exchangeable calcium 
contents of surface soils throughout the park 
appear to reflect the distribution of limestone 
bands underlying the area. Soil characters show 
some correlation with vegetation distribution 
but these trends could be the result of vegetation 
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modifying the topsoil chemistry. The dramatic 
topography and history of disturbance in this 
area seem to be more important than soil differ¬ 
ences in determining the distribution of vegeta¬ 
tion. 

Because of the importance of fire disturbance 
as a limiting environmental factor, the unburnt 
rainforest patches are best classified under the 
second of Webb & Tracey’s (1981) types of rain¬ 
forest refugia, as they are restricted to small, 
relatively dry and fireproof topographic niches. 
However, the disturbed rainforest along the 
river and shallow gullies can be construed as 
small, narrow gallery forests, falling under the 
third of Webb & Tracey’s (1981) refugia classifi¬ 
cations. Since many of the rainforest species 
occur at their climatic limits at the Mitchell 
River sites, the nature and frequency of disturb¬ 
ances play a particularly important role in deter¬ 
mining the extent and floristic composition of 
rainforest communities in these areas. 

The relative importance of the various ecolog¬ 
ical factors examined in this study are likely to 
apply to comparable mosaics of rainforest and 
sclerophyll forest occurring at the limits of dis¬ 
tribution for rainforest types. Although soil 
chemical properties are involved in the deline¬ 
ation of rainforest and sclerophyll communities 
in Queensland and New South Wales (Beadle 
1954,1962,1966, Webb 1968,1969), the impor¬ 
tance of edaphic factors is often diminished rela¬ 
tive to climate, topography and disturbance 
history, particularly in areas under less than 
ideal conditions (i.e. higher latitudes) (Mount 
1964, Tracey 1969, Webb 1969, Beadle 1981, 
Webb & Tracey 1981). Certainly, studies at 
some sites in East Gippsland (Melick 1988) indi¬ 
cate that natural disturbances and topography 
generally appear to be far more important than 
edaphic factors in determining the occurrence of 
rainforest and sclerophyll communities. 
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APPENDIX 1 

Details of the vegetation community types. 

The percentage of sites in which each species occurred for each of the community types. Figures in parentheses 
represent percentage of sites where species cover exceeded 5%. 

Species A1 A2 
Community Type 

B1 ' B2 Cl C2 

TREES 
Acmena smithii 
Acronychia oblongifolia 
Brachychiton populneus 
Eucalyptus cypellocarpa 
Eucalyptus globoidea 
Eucalyptus globulus ssp. bicostata 
Eucalyptus melliodora 
Eucalyptus polyanthemos 
Exocarpos cupressiformis 
Pittosporum undulatum 
Rapanea howittiana 
Tristaniopsis laurina 

SHRUBS 
Acacia falciformis 
Acacia implexa 
Acacia mearnsii 
Baeckea virgata 
Callistemon paludosus 
Cassinia lotigifolia 
Cassinia trinerva 
Coprosma quadrifida 
Correa lawrenciana 
Correa reflexa 
Epacris impressa 
Hakea eriantha 
Helichrysum dendroideum 
Hibbertia obtusifolia 
Hymenanlhera dentata 
Indigofera australis 
Kunzea ericoides 
Leucopogon ericoides 
Lomatia myricoides 
Olearia argophylla 
Olearia lirata 
Olearia rugosa 
Phyllanthus hirtellus 
Pimelea axiflora 
Pomaderris aspera 
Prostanthera rotundifolia 

LIANES 

Clematis glycinoides 
Eustrephus latifolius 
Geitonoplesium cymosum 
Glycine clandestina 
Kennedia rubicunda 
Marsdenia rostrata 
Morinda jasrninoides 
Pandorea pandorana 
Smilax australis 

94 (88) 39 (39) 8 
44 (25) 13 (4) 

4 (4) 4 (4) 
4 (4) 

13 (13) 
24 (20) 

4 (4) 
4 (4) 44 (44) 

63 (56) 9 (4) 
6 4 (4) 8 

25 (19) 70 (65) 4 (4) 

4 16 (4) 
17 100 (96) 
52 (35) 4 (4) 
4 

28 (4) 
12 

44 9 4 
4 

20 

12 (4) 
4 8 

81 17 
9 4 

6 39 (13) 24(16) 
4 4 
4 

31 (25) 9 4 
25 (6) 13 24 (4) 

4 4 

6 4 48 
52 (43) 84 (76) 

50 57 (9) 44 
56 39 8 
38 13 

6 
88 (50) 48 (4) 24 (4) 
56 (6) 30 4 

6 43 88 (8) 
75 (19) 39 (4) 

28 (24) 
2 (2) 
2 (2) 

55 (55) 98 (98) 55 (55) 

4 (4) 2 (2) 
4 (4) 
6 (6) 

41 (41) 40 (40) 14 (14) 
4 (4) 3 2 (2) 
7 (3) 3 (3) 2 
4 

3 (3) 

2 3 (2) 
7 (4) 3 1 

41 (34) 40 (29) 93 (87) 
41 (32) 1 1 

28 (3) 76 (2) 18 
4 2 

7 

14 13 (2) 1 
4 (4) 1 

10 10 2 
4 10 11 

10 3 (1) 

90 (59) 64 (46) 
1 

96 (89) 
21 28 36 

4 3 1 
10 (7) 

7 61 (1) 49 (2) 
3 2 

1 (3) 10 
17 (3) 

28 3 5 
7 2 1 

21 1 
2 

21 
7 7 
3 1 2 

31 17 5 (1) 
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Species A1 A2 
Community Type 

B1 B2 ci 

GRAMINOIDS 
Agrostis spp. 
Danthonia spp. 
Echinopogon ovatus 
Entolasia marginata 
Gahnia melanocarpa 
Gahnia rcidula 
Juncus planifolius 
Lepidosperma laterale 
Lomandra longifolia 
Microlaena stipoides 
Oplismenus aemulus 
Poa spp. 
Stipa spp. 
Sty pandr a glauca 
Themeda australis 
Wahlenbergia quadrifida 
Xanthorrhoea minor 

FORBS 
Acianthus exsertus 
Australina muelleri 
Centaurium minus 
Chiloglottis rejlexa 
Conyza spp. 

Cynoglossum latifolium 
Dichondra repens 
Galium spp. 

Geranium solanderi 
Gnaphalium involucratum 
Gnaphalium japonicum 
Goodenia ovata 
Hydrocotyle hirta 
Hydrocotyle laxiflora 
Hypericum gramineum 
Hypochoeris radicata 
Lagenophora gracilis 
Luzula campestris 
Onopordum acanthium 
Opercularia ovata 
Oxalis corniculata 
Plantago debilis 
Pleclranthus parvijlorus 
Polygonum spp. 
Pomax umbellata 
Pterostylis concinna 
Rhagodia nutans 
Rubus fruticosus 
Rum ex acetosella 
Senecio linearifolius 
Senecio minimus 
Sigesbeckia orientalis 
Solanum nigrum 
Solatium prinophyllum 
Stellar ia Jlaccida 
Taraxacum officinale 
Thysanotus patersonii 
Tradescantia fluminensis 

4 20 (4) 10 (4) 10 
22 (4) 24 35 43 

7 25 
44 35 

4 16 (4) 24 
35 (13) 

4 
17 (3) 45 (3) 

13 26 (9) 96 (40) 69 (31) 77(10) 
13 22 29 (2) 
13 65 (18) 82 (12) 55 (3) 54 (1) 
13 74 (9) 52 24 17 

9 4 (4) 4 11 
4 1 

3 90 (30) 
4 

9 36 55 57 
4 22 (6) 

4 2 
69 (6) 9 3 

4 10 2 
4 

6 8 4 
6 22 

65 (13) 84 69 (7) 13 
17 41 25 

31 52 (4) 8 17 2 
9 10 (4) 5 

22 (4) 24 35 33 
6 13 (4) 48 (32) 31(14) 4 
6 35 56 (4) 72(10) 32 

4 
6 9 20 4 3 

19 26 36 14 3 
9 8 4 6 

4 4 2 
4 (4) 8 

24 35 45 
48 56 (4) 21 8 

6 22 8 21 
19 4 

9 
24 5 (2) 

22 (1) 

16 (1) 
4 4 

56 22 4 
6 13 4 7 

22 20 3 
13 20 17 2 
13 4 

13 24 14 5 
63 30 2 7 

6 4 8 3 

6 17 4 

3 

48 (2) 
12 

17 
20 (2) 

51 (12) 

1 
75(20) 
19 

7 (5) 
6 (3) 

5 (1) 
51 (1) 

19 (2) 

52 
18 
13 

1 
14 
4 

33 

13 
16 
4 
4 
2 

26 (1) 
8 
2 
5 
1 
1 

4 
4 
2 
2 

10 

6 
2 
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Community Type 
Species A1 A2 B1 B2 Cl C2 

Trifolium repens 4 4 
Urtica incisa 50 (13) 22 (4) 8 10 1 
Veronica plebeia 12 38 16 14 
Viola betonicifolia 13 7 2 8 
Viola hederacea 13 20 10 (4) 5 

FERNS , 
Adianlum aethiopicum 25 52 (4) 55 (10) 20 1 
Asplenium Jlabellifolium 44 (6) 52 (4) 8 24 
Blechnum nudum 19 17 (4) 4 
Cheilanlhes tenuifolia 13 35 36 79 (3) 68 36 
Cyaihea australis 6 
Dicksonia antarctica 31 (13) 
Doodia aspera 50 (19) 26 (4) 3 
Hymenophyllum spp. 13 
Microsori.um diversifoliu m 56 (13) 
Microsorium scandens 13 
Pellaea falcata 75(13) 91 (26) 48 (4) 17 (3) 
Pleurosorus rutifolius 3 1 
Polystichum formosum 56 (19) 4 16 2 (2) 
Potysiichum proliferum 63 (25) 4 
Pteridium esculentum 19 13 3 14 (2) 
Pyrrosia rupestris 44 

BRYOPHYTES 
Breutelia affinis 56 (19) 30 (4) 8 
Campylopus spp. 25 (6) 39 36 62(10) 48 61 
Cyathophorum bulbosum 19 4 3 1 
Dawsonia polytrichoides 6 10 
Thuidium laeviusculum 100 (75) 70 (9) 28 55 (3) 13 23 
Weymouthia cochlearifolia 69 (44) 4 

LICHENS 
Cladia aggregata 13 9 4 31 (3) 13 15 
Heterodea muelleri 50 (6) 48 36 62 (3) 67 (10) 47 (1) 
Pseudocyphellaria glabra 38 13 10 3 1 
Usnea spp. 31 13 32 35 29 33 

AVERAGE ROCK COVER (%) 80.2 16.8 6.4 14.0 20.1 6.0 


